For several decades, interest in the synthesis pyrrole and pyrrolopyrimidine increases due to the importance of these heterocycles both from chemical and biological points of view. They possess several biological activities such as antimicrobial, analgesic, anti-inflammatory, anti-cancer, anti-viral, anti-convulsant, anti-hyperlipidemic, anti-depressant, antidiabetic, anti-allergic activities. These findings motivated us to present this review which highlights different methods of the synthesis of pyrrole and pyrrolopyrimidine derivatives as well as their biological importance from the past to recent years.
Literature survey indicated that pyrroles and pyrrolo [2,3-d] pyrimidines are of considerable interest in drug discovery. Pyrrole is one of the most important simple heterocycles, which is found in a broad range of natural products. It is the key structural fragment of heme and chlorophyll (two pigments essential for life), the chlorins, bacteriochlorins, corrins (vitamin B12) and some bile pigment (biliverdin and bilirubin). Pyrrolo [2,3-d] pyrimidines as 7-deazapurines exhibit remarkable biological activity due to their resemblance to cellular purines.
Owing to the importance of these systems, we introduce here the main aspects of the synthesis and the biological value of these heterocycles from the past to recent years.
Synthesis of pyrroles
Pyrrole derivatives could be synthesized by different methods which can be classified into two main categories: 1.1. Synthesis of pyrrole from non-heterocyclic molecules. 1.2. Ring transformation of other heterocyclic rings.
Synthesis of pyrrole from non-heterocyclic molecules
Generally, there are eight important strategies for synthesis pyrrole derivatives from non-heterocyclic starting materials, which can be summarized in the following:
Reaction of 1,4-dicarbonyl, 1,4-dihalo analogues, 1,3-dienes, 1,3-diyenes or 1,4-alkynediols with ammonia, amines or hydrazine derivatives
In 1885, Pall and Knorr 1 reported the synthesis of pyrroles 1 via reaction of 1,4-diketones with ammonia or primary amines.
Huisgen
2 then Potts et al 3, 4 reported the synthesis of pyrroles 2, 3 by reaction of 1,3-diene or diyenes with primary amines.
In 1996, McLeod et al. 5 reported the reaction of 1,4-dicabonyl derivatives with hydrazides to afford pyrrole 4 which then treated with nBu4NF to give 1-amino-pyrrole 5.
In 2005, Banik et al. 6 modified Paal-Knorr reaction using bismuth nitrate in the presence of dichloromethane with amine and ketone at room temperature to obtain pyrrole 6.
In the same year, Demir et al. 7 reported another Pall-Knorr modification via reaction of chloropentenones with amines, amino alcohols or esters of amino acids in presence of triethylamine.
In 2006, Danchev et al. 8 applied Paal-Knorr cyclization between intermediately prepared 1,4-dicarbonyl compounds and different aryl amines to afford pyrrole 8.
In 2007, Aydogan et al. 9 carried out the reaction of cis-1,4-dichloro-2-butene with various amines, amino alcohols or amino acid esters without solvent under microwave irradiation on silica gel to give pyrroles 9.
In the same year, Pridmore et al. 10 reported Ruthenium-catalysed conversion of 1,4-alkynediols into pyrroles 10.
Many authors reported the reaction of acetonyl acetone either with benzoic acid hydrazide derivative 11 affording pyrrole 11 or with certain amines using indium(III) salts 12 under solvent-free conditions, zirconium chloride under ultrasound irradiation 13 or Iodine in tetrahydrofuran 14 affording pyrroles 12.
In 2013, Kamal et al. 16 reported CAN-catalyzed Paal-Knorr reaction of 1,4-diketones with various amines using cerium (IV) ammonium nitrate (CAN) as a catalyst to obtain pyrroles 16.
In 2014, Pagadala et al. 17 reported the synthesis of highly substituted pyrrole-N-acetic derivatives 17 through the coupling of 1,4-diketones with amino acids following Paal-Knorr's approach.
In 2015, Shamsuzzaman et al. 18 reported the synthesis of steroidal pyrrole 18 by reaction of cholest-5-en-3β-O-acetyl hydrazide with acetonyl acetone.
Reaction of α-aminocarbonyl compound with compound has active methylene group α-to carbonyl. (Knorr pyrrole synthesis)
It is the most widely used method for pyrrole synthesis. α-Aminocarbonyl compounds were readily dimerize to dihydropyrazines, one way to avoid this dimerization is to prepare and use them in the form of salts to be liberated for reaction by the base present in the reaction mixture. An alternative way was reported by L. Knorr 19 where the oximino precursor was converted to amino in-situ.
In 1955, Fischer 17 reported the condensation of certain α-amino ketones with β-diketones or β-ketoester in acidic medium to afford pyrroles 20. [21] [22] [23] [24] [25] [26] [27] [28] reported the formation of α-aminoketones in situ via condensation of α-hydroxyketones with certain amines which then were reacted with malononitrile, alkylcyanoacetate or alkylsulphonyl acetonitrile giving 2-aminopyrroles 21.
Many authors
α-Aminoketones could be also obtained 29, 30 in situ by the reaction of α-bromoketone with primary amines to be reacted with malononitrile giving 2-amino-3-cyano-pyrroles 22.
Goel et al. 31 reported the reaction of benzoin, ketone and ammonium acetate in acetic acid to prepare 3,4,5-triaryl- In 1986 Toja et al. 37 reported the condensation of ethoxycarbonyl acetamidine with α-haloketones to afford 2-aminopyrroles 27.
In 2011, Kaspersen et al. 38 reported the synthesis of other 2-amino-pyrrole 28 via the reaction of 4-fluorophenacyl bromide with ethoxycarbonyl acetamidine salt in basic medium.
In the same year Yavari et al. 39 reported the reaction of other phenacyl bromide derivatives with certain enaminones under solvent-free conditions to afford 1,2,3,5-tetrasubstituted-pyrrole derivatives 29. 45 reported the reaction of 1-(arylsulfonylethylsulfonyl)-2-arylethene with TosMIC to obtain pyrrole derivatives 36.
Similarly, in 2015, Brasca et al. 46 reported the synthesis of pyrrole 37 by treatment of 3-(5-chloro-2-methylphenyl)-acrylonitrile with TosMIC.
Reaction of 1,3-dicarbonyl with amino component containing active methylene.
In 1982, Mataka et al. 47 reported the reaction of certain 1,3-dicarbonyl compounds with ethyl glycinate HCl to give ethyl pyrrole-2-carboxylates 38.
In 2005, Mathew 48 reported that α-oxoketene-N,S-acetals 40, prepared by the reaction of alkyl glycinates with β-oxodithiocarboxylates 39 followed by alkylation, smoothly underwent cyclization to afford alkyl 3,4-diaryl-pyrrole-2-carboxylates 41.
In 2011, Pittala et al. 49 reported a modification of this reaction through the condensation of ethyl glycinate with α-formyl-substitutedbenzeneacetonitriles affording N-[2-cyano-2-(substitutedphenyl)ethenyl] glycine ethyl esters 42 which then cyclized in sodium ethoxide/ethanol mixture to give pyrrole aminoesters 43.
Reaction of nitroalkenes with carbonyl compounds.
In 2003, Ranu and Dey 50 reported an efficient synthesis of substituted pyrroles 44 through one-pot, three-component condensation of a carbonyl compound, amine and nitroalkene using tetrabutyl-ammonium bromide.
In 2010, Rueping and A. Parra 51 reported the synthesis of pyrroles 45 via reaction of β-bromonitrostyrenes with enaminones in water. In 2012, Li et al. 52 reported FeCl3-catalyzed addition and cyclization of enamino esters with nitroalkenes to obtain tetrasubstituted pyrroles 46.
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In the same year, Korotaev et al. 53 reported onepot, three-component cyclization of 1,1,1-trifluoro-3-nitrobut-2-ene with 1,3-dicarbonyls (ethyl acetoacetate, acetylacetone, benzoylacetone) and ammonia or primary aliphatic amines to obtain pyrrole derivatives 47.
One-pot four-component condensation reaction of nitroalkanes, aromatic aldehydes, β-ketoesters, and amines in the presence of 10 mol % NiCl2.6H2O afforded substituted pyrrole derivatives 48 in good yields. This reaction was reported 54 by A. T. Khan et al.
Piloty-Robinson pyrrole synthesis
Piloty and Robinson reported 55 the reaction of 2 equivalents of an aldehyde and hydrazine to produce ketazine 49 which by treating with strong acid gives pyrroles 51 through sigmatropic rearrangement of divinyl hydrazine 50.
In 2007, B. C. Milgram et al. 56 reported Microwave-Assisted Piloty-Robinson synthesis of pyrroles 52 by treating aldehyde first with hydrazine and then with aroyl chloride.
Reaction of α-dicarbonyl compound with secondary or tertiary amine having two active methylene groups.
In 1965, Friedman 57 reported the reaction of benzils with dimethyl N-acetyliminodiacetate in the presence of sodium methoxide to afford 3,4-diarylpyrrole 53.
In 2003, Iwao et al. 58 reported the condensation of dimethyl oxalate with iminodiacetates 54 to afford 3,4-dimethoxypyrrole-2,5-dicarboxylates 55.
Synthesis of pyrrole via ring transformation

From aziridine and azirine derivatives
In 1977, Lukac et al. 59 reported that 2-acylaziridines 56 were transformed to pyrrole derivatives 58 by ring expansion involving ring-opened dipolar intermediate 57. 60 reported the synthesis of pyrrole derivative 59 via palladiumcatalyzed reaction of methyleneaziridines with 1,3-diketones.
In 2010, Ribeiro Laia et al. 61 , reported the formation of pyrroles 60 via thermolysis of aziridine in the presence of benzyl buta-2,3-dienoate derivatives in refluxing toluene.
In 2012, S. Auricchio et al. reported 62 the synthesis of pyrrole derivatives 61a,b by reaction of 2H-azirines with enaminones and enaminoesters in the presence of metal salts that act as Lewis acids.
Authors suggested 62 that the azirine complex undergoes nucleophilic attack by the enaminic double bond to give intermediates, which can afford the different products depending upon the different intramolecular linkage with nitrogen (route a) or oxygen (route b).
From furan derivatives
Shin-ichi Naya et al. 63 reported the condensation of furano [2,3-d] Many authors [64] [65] [66] [67] reported another approach to transformation of 2,5-dimethoxytetrahydrofuran to pyrrole derivatives 65 in presence of acid either by stirring at room temperature 64 , using microwav 65, 66 or ultrasound conditions 67 . According to the authors, the methoxy groups can be deprotected under acidic conditions. The intermediate can easily form the reactive dialdhyde which on reaction with amines can lead to pyrroles. (67) in alkaline medium to 5-amino-2-mercaptopyrrole-3,4-dicarbonitrile (68).
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From pyridazine derivatives
2-Aminopyrrole-3-carbonitriles 71 were produced via reduction of iminopyridazine 69 or dihydro-pyridazines 70. These reactions were reported by Gewald et al. 70 and Abd-Elhamid et al. 71 .
Analogously, in 2004, Joshi et al. 72 reported the transformation of pyridazine C-nucleoside 72 to the corresponding pyrrole 73.
From oxazole derivatives
Hershenson and Pavia reported 73 75 reported the transformation of oxirane derivatives 78 to pyrroles 81. This transformation was carried out by the reaction of oxirane derivatives with alkyne affording alkynols 79 which then transformed to mesylates followed up by in situ SN 2 reaction with sodium azide forming azides 80 which finally cyclized in the presence of zinc chloride and dichloroethane to pyrroles 81.
Synthesis of pyrrolo[2,3-d]pyrimidines
Pyrrolo [2,3-d] 
Synthesis of pyrrolopyrimidines from pyrrole derivatives
Many reports [108] [109] [110] [111] [112] mentioned that condensation reaction of 2-amino-pyrrole-3-carbonitriles 121 with formic acid or formamide afforded the corresponding pyrrolo [2,3-d] [124] [125] [126] . For example, the pyrrolomycin A (150a) had distinguished antibiotic activity 127 , natural product dispacamide B (150b) and its d erivatives iso lated fr o m sp o n ge had e v id ent antibacterial activities 126, 128, 129 . Also, monodeoxypyoluteorin (150c) and 2-(2 ‫׳‬ -hydroxy benzoyl) pyrrole bromine (150d) 130, 131 are pyrrole derivatives having antimicrobial activity against Staphylococcus aureus, Bacillus subtilis and Escherichia coli, added to antifun gal activit y a gainst Ca n d id a a lb ica n s. 144 , has analgesic and anti-inflammatory activity. Also pyrrole derivatives 8 were proved to have high analgesic activity 8 .
2-(4-Ethoxyphenyl)-4-methyl-1-(4-sulfamoyl phenyl)-1H-pyrrole (160) is known as selective cyclooxygenase-2 (COX-2) inhibitor 145 . The selectivity ratio of this pyrrole derivative was higher than those of the conventional non-steroidal anti-inflammatory drugs naproxen, indomethacin, and sodium diclofenate. 3-(4-Chlorophenyl)-4-(5-chlorothien-2-oyl) 1H-pyrrole (163) and its 4-(thien-2-oyl) analogue are templates for anti-inflammatory drugs, which show a balanced inhibition of the COX-isoenzymes and enhancing patient compliance 43 . [1,5-c] pyrimidine 182 to be significant anti-viral agents against Coxsackievirus B4, the later has also activity against Rotavirus Wa strain.
Anti-convulsant activity
V. M. Patil et al. 14 reported that two pyrrole derivatives 12a,b have potential anti-convulsant activity.
Anti-hyperlipidemic activity
Lipitor
® 183 (atorvastatin calcium) 171 , a pyrrole derivative, is a 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitor so it is a lipid-lowering agent.
Anti-depressant activity
Both pyrrole derivatives 184a,b exhibit favorable in vitro and in vivo antidepressant activities as they are targeting serotonin 5-HT2A, 5-HT2C, and serotonin transporter 172 .
Anti-diabetic activity
2-Methyl-4,5-diphenyl-3-substituted-phenyl-1H-pyrroles 23 have significant hepatic glucose lowering properties by acting as inhibitors of glucagon receptor 31 . 
Anti-allergic activity
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